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GERMANIUM ANTIMONY TELLURIDE
MATERIALS AND DEVICES
INCORPORATING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. national phase under the provi-
sions of 35 U.S.C. §371 of International Patent Application
No. PCT/US2011/037479 filed May 21, 2011, which in turn
claims the benefit of priority of the following U.S. provisional
patent applications under the provisions of 35 USC 119: U.S.
Provisional Patent Application No. 61/347.347 filed May 21,
2010; U.S. Provisional Patent Application No. 61/365,744
filed Jul. 19, 2010; U.S. Provisional Patent Application No.
61/378,385 filed Aug. 30, 2010; U.S. Provisional Patent
Application No. 61/379,381 filed Sep. 1, 2010; and U.S.
Provisional Patent Application No. 61/379,386 filed Sep. 1,
2010. The disclosures of such international patent application
and all of the foregoing U.S. provisional patent applications
are hereby incorporated herein by reference, in their respec-
tive entireties, for all purposes.

TECHNICAL FIELD

The present invention relates generally to germanium anti-
mony telluride materials and to microelectronic devices and
device structures incorporating same.

BACKGROUND

Materials such as germanium (Ge), antimony (Sb), and
tellurium (Te) can be deposited onto substrates to form GeS-
bTe (GST) alloys as phase change memory (PCM) materials
for use in semiconductor wafers or other semiconductor
device structures. The conformal deposition of such materials
in the forms of GST films is desirable for use in semiconduc-
tor device structures having high aspect ratio topographical
features such as vias.

The deposition of GST materials to form films for PCM
applications can be carried out using vapor deposition pro-
cesses, such as chemical vapor deposition (CVD), metalor-
ganic chemical vapor deposition (MOCVD), atomic layer
deposition (ALD), or other vapor phase techniques.

PCM technology has the potential to expand commercially
into dynamic random access memory (DRAM) and storage
class memory (SCM) applications. These applications
require long cycling endurance and fast write speeds while
maintaining sufficient data retention character, as well as
maintaining a low set resistance at small device scales and
high aspect ratios. In this respect, alloy compositions and
device structure have major and related impact on the PCM
performance of the product device. The ability to conformally
deposit GST films enables improved PCM cell heating effi-
ciency with lower reset current, by minimizing the amount of
GST film material in the cell and reducing heat loss.

Significant efforts are ongoing to improve performance of
PCM alloy compositions and device performance (e.g.,
device speed, cycle endurance), relative to that achieved by
the GST225 alloy (atomic composition 22.5% Ge, 22.5% Sb,
and 55% Te) currently used as a benchmark standard for PCM
films and devices.

The processing and handling of Ge, Sb, and Te materials
for applying GST films using CVD normally occurs at sub-
strate temperatures above about 300 degrees C. The reason
for this is that typical precursors for CVD processes generally
utilize such high temperatures to promote molecular reactiv-
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ity. However, amorphous or partially amorphous GST films
are desired to attain the conformal deposition of the films and
thus the substrate process temperature is preferred to be
below the GST crystallization temperature, which is gener-
ally less than about 300 degrees C. This, however, has proven
difficult, since tellurium precursors used in chemical vapor
deposition processes are difficult to activate and only have
suitable reactivity at temperatures typically higher than 300
degrees C. Further, because conventional CVD techniques
utilize precursors in the deposition of the GST at processing
temperatures of 300 degrees C. and above, the deposition of
the GST film generally results in the crystallization of the film
and thus is typically not conformal, particularly when Te is
present in amounts above about 45% in the product GST film.

There is therefore a compelling need for improved GST
films and phase change microelectronic devices utilizing
same, e.g., for PCRAM applications.

SUMMARY

In one aspect, the present disclosure relates to a chalco-
genide alloy composition, having an atomic composition
comprising from 34 to 45% Ge, from 2 to 16% Sb, from 48 to
55% Te, from 3 to 15% carbon and from 1 to 10% nitrogen,
wherein all atomic percentages of all components of the film
total to 100 atomic %.

In another aspect the disclosure relates to a chalcogenide
alloy composition, (i) having an atomic composition of ger-
manium, antimony and tellurium comprising 36% Ge, 14%
Sb, and 50% Te, (ii) doped with from 8 to 12 at. % carbon and
doped with from 1 to 10 at. % nitrogen, wherein dopant
atomic percentages are based on total atomic percentages of
all components of the composition including dopants.

In a further aspect, the disclosure relates to a phase change
memory device comprising a chalcogenide alloy film, having
an atomic composition comprising from 34 to 45% Ge, from
2 to 16% Sb, from 48 to 55% Te, from 5 to 15% carbon and
from 1 to 10% nitrogen, wherein all atomic percentages of all
components of the film total to 100 atomic %.

Yet another aspect of the disclosure relates to a microelec-
tronic device including a alloy composition of the foregoing
type.

Another aspect of the disclosure relates to a chalcogenide
alloy composition, having an atomic composition comprising
36 at % Ge, 13 at % Sb, from 51 at % Te, based on total atomic
weight of Ge, Sb and Te in the composition, and doped with
from 3 to 15 at % carbon and from 1 to 10 at % nitrogen,
wherein atomic percentages of carbon and nitrogen are based
on total atomic weight of Ge, Sb, Te, C and N in the compo-
sition.

Yet another aspect of the disclosure relates to a method of
enhancing set speed of a chalcogenide alloy composition for
use in a phase change memory device, wherein said chalco-
genide alloy composition has an atomic composition com-
prising from 34 to 45% Ge, from 2 to 16% Sb, from 48 t0 55%
Te, based on total atomic weights of Ge, Sb and Te in the
composition, and doped with from 3 to 15% carbon and from
1 to 10% nitrogen, wherein atomic percentages of carbon and
nitrogen are based on total atomic weight of Ge, Sh, Te, C and
N in the composition, said method comprising annealing said
chalcogenide alloy composition in an inert atmosphere for 10
to 40 hours at temperature in a range of from 300 to 475° C.

A further aspect of the disclosure relates to a microelec-
tronic system comprising a phase change memory including
a GST alloy composition having a set speed of less than 15
nanoseconds.
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In another aspect, the disclosure relates to a PCM GST
device structure comprising a TiAIN layer with an Si0, layer
thereon, wherein the SiO, layer has a pore therein bounded at
a lower end thereof by the TiAIN layer, a GST alloy compo-
sition filling the pore and in a layer above the pore that extends
laterally outwardly to overlie the SiO, layer surrounding the
pore, a layer of TiN overlying the GST alloy layer and gen-
erally coextensive therewith, and a layer of aluminum over-
lying the layer of TiN and extending laterally beyond the TiN
layer and downwardly at an outer lateral periphery to the SiO,
layer, thereby encapsulating the GST alloy composition and
TiN layer.

Another aspect of the disclosure relates to a method of
fabricating a PCM GST device structure, comprising:
providing a substrate including an SiO, layer thereon,

wherein the SiO, layer has a pore therein bounded at a

lower end thereof by a TiAIN layer;
depositing a GST alloy composition in and over the pore and

Si0, layer surrounding the pore;
depositing a layer of TiN over the deposited GST alloy com-

position to form a TiN/GST alloy composition stack struc-

ture;
patterning and etching of the TiN/GST alloy composition
stack structure to form an isolated PCM device structure;
depositing aluminum over the PCM device structure; and
patterning and etching the deposited aluminum to form an
isolated aluminum pad in contact at its outer periphery with
the SiO, layer, to encapsulate the PCM device structure.

A further aspect of the disclosure relates to a phase change
memory cell including a GST material, having a set speed
below 20 ns, and endurance of 10 cycles or more (e.g., 210°
cycles or 210™° cycles). Such cell in specific implementations
has a 10-year retention greater than 70° C., greater than 100°
C., greater than 110° C., or greater than 115° C. In specific
embodiments, such phase change memory cell has a set speed
at least as low as 12 ns, and in other embodiments, the phase
change memory cell has a set speed in a range of from 12 to
18 ns. The GST material in such cell can be an MOCVD GST
alloy that is deposited in a confined hole or trench structure,
e.g., with a critical dimension of 100 nm, or otherwise in a via
structure having a low aspect ratio of less than 1:1, preferably
without voids or seams.

Yet another aspect of the disclosure relates to a change
memory cell including a GST material having a set speed
below 20 ns, and endurance of 10° cycles or more.

A still further aspect of the disclosure relates to a GST
composition comprising a 415 MOCVD alloy having a set
speed of less than 70 ns.

Another aspect of the disclosure relates to a GST compo-
sition comprising a 415 MOCVD alloy having a data reten-
tion of 118° C.

A further aspect of the invention relates to a GST compo-
sition comprising 36% Ge, 14% Sb, and 50% Te, with C and
N doping, exhibiting a multi-level resistance level that is
sustainable for at least 10 years without interference of resis-
tance values thereof.

Yet another aspect of the disclosure relates to a change
memory cell including a GST material having a set speed
below 20 ns, and endurance of 10° cycles or more.

As used herein, the term “film” refers to a layer of depos-
ited material having a thickness below 1000 micrometers,
e.g., from such value down to atomic monolayer thickness
values. In various embodiments, film thicknesses of depos-
ited material layers in the practice of the invention may for
example be below 100, 10, or 1 micrometers, or in various
thin film regimes below 200, 100, or 50 nanometers, depend-
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ing on the specific application involved. As used herein, the
term “thin film” means a layer of a material having a thickness
below 1 micrometer.

As used herein and in the appended claims, the singular
forms “a”, “and”, and “the” include plural referents unless the
context clearly dictates otherwise.

As used herein, the identification of a carbon number
range, e.g., in C,-C, , alkyl, is intended to include each of the
component carbon number moieties within such range, so
that each intervening carbon number and any other stated or
intervening carbon number value in that stated range, is
encompassed, it being further understood that sub-ranges of
carbon number within specified carbon number ranges may
independently be included in smaller carbon number ranges,
within the scope of the invention, and that ranges of carbon
numbers specifically excluding a carbon number or numbers
are included in the invention, and sub-ranges excluding either
or both of carbon number limits of specified ranges are also
included in the invention. Accordingly, C,-C,, alkyl is
intended to include methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl and dodecyl, including
straight chain as well as branched groups of such types. It
therefore is to be appreciated that identification of a carbon
number range, e.g., C,-C, ,, as broadly applicable to a sub-
stituent moiety, enables, in specific embodiments of the
invention, the carbon number range to be further restricted, as
a sub-group of moieties having a carbon number range within
the broader specification of the substituent moiety. By way of
example, the carbon number range e.g., C,-C, , alkyl, may be
more restrictively specified, in particular embodiments of the
invention, to encompass sub-ranges such as C,-C, alkyl,
C,-Cy alkyl, C,-C, alkyl, C;-C5 alkyl, or any other sub-range
within the broad carbon number range.

In reference herein to chalcogenide alloys and chalco-
genide alloys doped with carbon and/or nitrogen, percentages
of germanium, antimony and tellurium in GST alloy compo-
sitions will be understood to refer to atomic percentages
based on the total atomic weights of germanium, antimony
and tellurium in the composition, and the atomic percentages
of carbon and nitrogen will be understood to be based on total
atomic weight of Ge, Sb, Te, C and N in the composition.

Other aspects, features and advantages of the disclosure
will be more fully apparent from the ensuing description.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic representation of a GST deposition
process system that can be employed to form the chalco-
genide materials of the present disclosure.

FIG. 2 is a schematic representation of a phase change
memory cell device including chalcogenide material of the
present disclosure.

FIG. 3 is a graph of set speed measurement data in a plot of
read resistance in kilo-ohms (kQ), as a function of square
pulse widths, at a reset pulse amplitude of 2.1 milliAmps
(120% Irs, sat) and set pulse amplitude of 0.90 milliAmps, for
Rreset (<> ) Rset (O) and Rdemarcat‘[on (— )

FIG. 4 is a graph of parameters Set R (o) and Reset R (©)
during cycles.

FIG. 5 is a schematic representation of a PCM GST device
structure according to one embodiment of the present disclo-
sure.

FIGS. 7-12 are data plots for an MOCVD GST 415 alloy
composition containing 40% germanium, 10% antimony and
50% tellurium, wherein FIG. 7 is a plot of resistance in ohms,
as a function of current, in milliamps, FIG. 8 is a plot of
current, in milliamps, as a function of voltage, FIG. 9 is a plot
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of' V(v), dV/dl (Kohms), and Log R (ohms), as a function of
number of cycles, FIG. 10 is a plot of resistance, in ohms, as
a function of Saturated Pulse Trailing Edge Fall Time, in
seconds, in which the fall time is the set speed, FIG. 11 is a
plot of time to fail, in seconds, as a function of 1/kT(eV-1),
and FIG. 12 is a plot of resistance, in ohms, as a function of
1/kT(eV-1),

FIG. 13-16 is a set of data for a fast 12-14 ns speed device
of the composition Ge 36%, Sb 14% and Te 50%. FIG. 13 is
aplotofresistance, in kiloohms, as a function of square pulse,
in nanoseconds, for set resistance (R, ,) demarcation resis-
tance (R, rcanon) a0d reset resistance (R,,,,), FIG. 14 is a
plot of resistance, in kiloohms, as a function of number of
cycles for set resistance (R, ,) and reset resistance (R,,,,,),
FIG. 15 is a plot of read resistance, in ohms, as a function of
square pulse width, in seconds, and FIG. 16 is a plot of read
resistance, in ohms, as a function of square pulse width, in
seconds.

FIG. 17 is a set of data for an alloy tuned to provide
multi-level reset resistance for multi-level phase change
device application. It is a plot of resistance, in ohms, as a
function of time, in seconds, for varied resistance levels.

FIG. 18 is a graph of set speed, in nanoseconds, for GST-
225, GST-325, and GST-415 germanium-antimony-tellurium
alloys.

FIG. 19 is a graph of read resistance, in ohms, as a function
of square pulse width, in seconds, for a GST alloy having a
composition of 36 at % germanium, 14 at % antimony, and 50
at % tellurium.

DETAILED DESCRIPTION

All percentages expressed herein are atomic percentages.

Unless otherwise specified, all film compositions herein
are specified in terms of atomic percentages of the film com-
ponents, wherein the sum of all atomic percentages of all
components in the film totals to 100 atomic %.

As used herein, the term CVD is defined as the deposition
of'asolid ona surface from a chemical precursor, and includes
but is not limited to the following: Atmospheric pressure
CVD (APCVD), Low pressure CVD (LPCVD), Ultrahigh
vacuum CVD (UHVCVD), Aerosol-assisted CVD
(AACVD), Digital CVD (DCVD), Direct liquid injection
CVD (DLICVD), Microwave plasma-assisted CVD
(MPCVD), Plasma-enhanced CVD (PECVD), Remote
plasma-enhanced CVD (RPECVD), Atomic layer CVD (AL-
CVD), Hot wire CVD (HWCVD), Metalorganic chemical
vapor deposition (MOCVD), Hybrid physical-chemical
vapor deposition (HPCVD), Rapid thermal CVD (RTCVD),
and Vapor phase epitaxy (VPE).

The present disclosure relates in a primary aspect to chal-
cogenide materials having utility for manufacture of semi-
conductor materials, devices and device precursor structures.

The chalcogenide materials can for example include a
chalcogenide alloy composition, having an atomic composi-
tion comprising from 34 to 45% Ge, from 2 to 16% Sb, from
48 to 55% Te, from 3 to 15% carbon and from 1 to 10%
nitrogen, wherein all atomic percentages of all components of
the film total to 100 atomic %. In other embodiments, the
amounts of carbon and nitrogen can be decreased to as low as
0.5% or increased as high as 20%, or any other suitable
concentrations can be employed of such components in the
chalcogenide material.

Alloy compositions of such type, having a set speed of less
than 20 nanoseconds, and/or a cycle endurance greater than
1x10°, can be usefully employed in phase change semicon-
ductor applications as random access memory materials.
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Set speed of the GST alloy composition when configured
with electrodes and a power supply in a device configuration,
and cycle endurance, can be readily determined by techniques
known to those skilled in the art. Phase change speeds involv-
ing crystallization and re-amorphization may be accurately
measured utilizing laser techniques, within the skill of the art.

Another aspect of the disclosure relates to a chalcogenide
alloy composition, (i) having an atomic composition of ger-
manium, antimony and tellurium comprising 36% Ge, 14%
Sb, and 50% Te, (ii) doped with from 8 to 12 at. % carbon and
doped with from 1 to 10 at. % nitrogen, wherein dopant
atomic percentages are based on total atomic percentages of
all components of the composition including dopants.

A further aspect of the disclosure relates to a phase change
memory device comprising a chalcogenide alloy film, having
an atomic composition comprising from 34 to 45% Ge, from
2 to 16% Sb, from 48 to 55% Te, from 5 to 15% carbon and
from 1 to 10% nitrogen, wherein all atomic percentages of all
components of the film total to 100 atomic %. Such phase
change memory device can comprise a phase change random
access memory cell, or a phase change random access
memory per se.

The disclosure in another aspect relates to a chalcogenide
alloy composition, having an atomic composition comprising
36 at % Ge, 13 at % Sb, from 51 at % Te, based on total atomic
weight of Ge, Sb and Te in the composition, and doped with
from 3 to 15 at % carbon and from 1 to 10 at % nitrogen,
wherein atomic percentages of carbon and nitrogen are based
on total atomic weight of Ge, Sb, Te, C and N in the compo-
sition.

Alloy compositions of such type have been determined to
have superior properties rendering them highly useful in
Ge—Sb—Te phase change memory applications. In various
embodiments, such alloy compositions evidence extremely
short set speeds, such as less than 20 nanoseconds in some
device implementations, and less than 15 nanoseconds in
other implementations. The alloy compositions also exhibit
superior cycle endurance, typically greater than 1x10° cycles.

Such alloy compositions can be readily conformally coated
on substrates, e.g., by vapor deposition techniques. The sub-
strate can be a wafer or microelectronic device or device
precursor substrate. The disclosure therefore contemplates
microelectronic device structures including alloy composi-
tions of the aforementioned types. In various embodiments,
the alloy compositions of the disclosure can be incorporated
in phase change random access memory cells, or otherwise in
memory devices of apparatus such as vehicles, smart appli-
ances, computer systems, power monitoring and generation
systems, etc.

The disclosure contemplates a method of enhancing set
speed of a chalcogenide alloy composition for use in a phase
change memory device, wherein the chalcogenide alloy com-
position has an atomic composition comprising from 34 to
45% Ge, from 2 to 16% Sb, from 48 to 55% Te, based on total
atomic weights of Ge, Sb and Te in the composition, and
doped with from 3 to 15% carbon and from 1 to 10% nitrogen,
wherein atomic percentages of carbon and nitrogen are based
on total atomic weight of Ge, Sb, Te, C and N in the compo-
sition. Such method comprises annealing the chalcogenide
alloy composition in an inert atmosphere for 10 to 40 hours at
temperature in a range of from 300 to 475° C. The inert
atmosphere can for example comprise a nitrogen atmosphere,
or atmosphere of argon, helium, xenon, or other inert gas, as
appropriate to the specific application involved. The anneal-
ing can be carried out to modify the microstructure of the GST
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alloy, so that nucleation occurs more readily, and fast crystal-
line etch or increase of nucleation sites is realized, thereby
achieving faster set speed.

The chalcogenide alloy composition of the disclosure can
be embodied in a phase change random access memory cell of
the phase change memory device, or otherwise in a PCM
device, or a sub- or superassembly comprising same. In one
embodiment, the chalcogenide alloy composition has an
atomic composition comprising 36 at % Ge, 13 at % Sb, from
51 at % Te, based on total atomic weight of Ge, Sb and Te in
the composition, and is doped with from 3 to 15 at % carbon
and from 1 to 10 at % nitrogen, wherein atomic percentages of
carbon and nitrogen are based on total atomic weight of Ge,
Sb, Te, C and N in the composition.

Thus, the disclosure contemplates microelectronic systems
comprising a phase change memory including a GST alloy
composition having a set speed of less than 15 nanoseconds.
In one embodiment, the disclosure relates to a phase change
memory cell including a GST material a set speed below 20
ns, endurance of 10° cycles or more, and a 10-year retention
greater than 70° C. The GST material in such device structure
may be in a confined hole or trench structure with a critical
dimension of 100 nm. In other embodiments, the GST mate-
rial can be provided in a low aspect ratio (<1:1) pore or via,
preferably without voids or seams in the GST material
therein. In still other specific embodiments, such phase
change memory cell has a set speed at least as low as 12 ns,
and in other embodiments, the phase change memory cell has
a set speed in a range of from 12 to 18 ns.

Memory cells of such type can be fabricated with suitable
GST MOCVD alloy compositions within the scope of the
present disclosure. Compositions useful for such purpose
include a GST alloy containing 36% germanium, 14% anti-
mony, and 50% tellurium. Other suitable GST alloy compo-
sitions for phase change memory cells include alloy compo-
sitions selected from the group consisting of 225 GST alloy,
325 GST alloy, and 415 GST alloy. A high-performance
DRAM device can be fabricated including a phase change
memory cell of any of the foregoing types. In other specific
embodiments, Ge, Sb, and Te composition may be purposely
deviated from the Ge, Sb, and Te concentrations in the above-
mentioned 225,325 and 415 alloys, for optimal performance.

In use, the alloy composition of the disclosure can be
conformally coated on a substrate by a vapor deposition tech-
nique such as chemical vapor deposition or metalorganic
chemical vapor deposition or atomic layer deposition, or
other suitable process. The substrate can comprise a micro-
electronic device or device precursor structure substrate.

Such deposition process may be carried out at suitably low
temperature, e.g., below 300 degrees C., in order to maintain
amorphicity ofthe deposited film material, and to beneficially
impart carbon to the film, and thereby enhance nucleation and
growth characteristics of the chalcogenide film.

The chalcogenide materials of the invention can be utilized
to form a microelectronic device including such alloy com-
position. The microelectronic device can comprise a phase
change memory cell or a memory device per se.

In another aspect, the disclosure relates to a PCM GST
device structure comprising a TiAIN layer with an Si0O, layer
thereon, wherein the SiO, layer has a pore therein bounded at
a lower end thereof by the TiAIN layer, a GST alloy compo-
sition filling the pore and in a layer above the pore that extends
laterally outwardly to overlie the SiO, layer surrounding the
pore, a layer of TiN overlying the GST alloy layer and gen-
erally coextensive therewith, and a layer of aluminum over-
lying the layer of TiN and extending laterally beyond the TiN
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layer and downwardly at an outer lateral periphery to the SiO,
layer, thereby encapsulating the GST alloy composition and
TiN layer.

Another aspect of the disclosure relates to a method of
fabricating a PCM GST device structure, comprising:
providing a substrate including an SiO, layer thereon,

wherein the SiO, layer has a pore therein bounded at a

lower end thereof by a TiAIN layer;
depositing a GST alloy composition in and over the pore and

Si0, layer surrounding the pore;
depositing a layer of TiN over the deposited GST alloy com-

position to form a TiN/GST alloy composition stack struc-

ture;
patterning and etching of the TiN/GST alloy composition
stack structure to form an isolated PCM device structure;
depositing aluminum over the PCM device structure; and
patterning and etching the deposited aluminum to form an
isolated aluminum pad in contact at its outer periphery with
the SiO, layer, to encapsulate the PCM device structure.

The deposition of the GST alloy composition may be car-
ried outin any suitable manner, e.g., by a metalorganic chemi-
cal vapor deposition process.

Referring now to the drawings, FIG. 1 is a schematic rep-
resentation of a GST deposition process system that can be
employed to form the chalcogenide materials of the present
disclosure. This system for producing and depositing low
temperature GST materials is generally designated by the
reference number 10 and hereinafter referred to as “system
10.” In the process of using system 10, GST materials com-
prising reactants are deposited onto a substrate (hereinafter
referred to as “wafer”) as a film to form a phase change
material (PCM) device.

The system 10 comprises a deposition chamber 12 or fur-
nace defined by at least one wall 14. However, the present
invention is not limited in this regard, as other configurations
are possible. The inner surface of the wall of the deposition
chamber 12 defines a heat shield 14. An inlet 16 is located in
the deposition chamber 12 to allow for the introduction of the
reactants (e.g., precursors, co-reactants, and inert materials
such as carriers) into the system 10. The inlet 16 is located in
communication with any suitable source, such as a ProEvap®
carrier gas operating system (ATMI, Inc., Danbury, Conn.,
USA), from which the reactants are delivered. A showerhead
18 is located downstream of the inlet 16 to facilitate the
efficient dispersal and delivery of the reactants delivered from
the source. The present invention is not limited to the use of a
showerhead, however, as other similar devices are within the
scope of this disclosure. A heating coil 20 or any other suit-
able heating device may be located at the inlet 16 to heat the
reactants during delivery thereof from the source.

The reactants may be pre-cracking compositions, pre-re-
action compositions, partial decomposition products, and/or
other materials that are suitable for controllably altering reac-
tion conditions in the deposition chamber to produce the
desired film. Exemplary reactants include, but are not limited
to, germanium n-butylamidinate (germanium precursor), tris
(dimethylamido)antimony (antimony precursor), and diter-
butyltelluride (tellurium precursor).

A heating stage 24 is located in the deposition chamber 12.
The heating stage 24 can be heated using any suitable source
of'energy to cause heat to radiate therefrom. For example, the
heating stage 24 may be heated using an electric current. The
present invention is not so limited, however, as the heating
stage 24 can be heated using other means.

The heating stage 24 comprises one or more support pins
28 that extend therethrough, each support pins being config-
ured to support a wafer 30 on which the GST materials are
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deposited. Any suitable number of support pins 28 can be
used to support the wafer 30. For example, three support pins
28 arranged in a triangular pattern can be used. The present
invention is not limited to any particular number of support
pins 28 or any particular arrangement thereof, as any number
and arrangement of support pins is within the scope of the
present disclosure. Preferably, the areas of contact between
the support pins 28 and the wafer 30 are minimal.

The support pins 28 may be fixed relative to the heating
stage 24, or they may be extendable therethrough. In embodi-
ments in which the support pins 28 are extendable through the
heating stage, the wafer 30 may be elevated or lowered as
desired.

In one process of using the system 10, a gas including one
or more of Ge, Sb, and Te precursors and optionally one or
more co-reactant gases are delivered into the deposition
chamber 12 from the source via inlet 16. The wafer 30 is
located at a distance of about 5 mm from the heating stage 24
and is, therefore, radiantly heated. Heat radiated from the
heating stage 24 also heats the heat shield 14.

During and potentially prior to the deposition of materials,
the precursors are activated in an activation region 38 of the
deposition chamber 12. The activation region 38 may be
heated in any suitable manner to provide the requisite
elevated temperature therein. The heating of the activation
region may for example be effected by coupling heat from the
heated stage to the wall of the chamber, or in other suitable
manner effecting conductive, convective or radiative heat
transfer for heating of the activation region. Alternatively, the
activation region, rather than being in the deposition chamber,
could be in an inlet of the deposition chamber, or otherwise
outside of the deposition chamber, e.g., in an upstream dedi-
cated activation chamber. When the temperature of the heat-
ing stage 24 is about 320 degrees C. to about 400 degrees C.,
the temperature of the wafer 30 is about 160 degrees C. to
about 240 degrees C. Because the heat shield 14 is in close
proximity to the heating stage, the temperature of the heat
shield 14 in the activation region 38 above wafer 40 has a
temperature that is higher than that of the wafer. Preferably,
the temperature of the heating stage 24 is maintained such that
the temperature of the activation region 38 is about 100
degrees C. higher than that of the wafer 30.

Although the activation region 38 may be located any-
where in the deposition chamber 12 such that the source
materials are activated, location of the activation region on the
surface of the wafer means that the deposition of GST film is
substantially a surface reaction. The present invention is not
so limited, however, as there may be a gas phase reaction of
source material prior to deposition on the wafer 30. However,
any such gas phase reaction should be minimized.

The pressure in the deposition chamber 12 is about 1 Torr
to about 10 Torr, and preferably about 2.5 Torr. The present
invention is not limited in this regard, however, as other
pressures may be maintained in the deposition chamber 12
without departing from the broader aspects of the processes
and apparatuses disclosed herein.

As is shown in FIG. 1, by supporting the wafer 30 using the
support pins 28, the temperature to which the wafer is sub-
jected is reduced (relative to the heating stage 24). As a result,
a composition of GST having a Te content greater than 50%
can be achieved by increasing the influx of Te precursors
without leading to the formation of crystalline GST films.

In another embodiment, the wafer 30 may be elevated by
the support pins 28 and located thereon such that the device
side of the wafer faces the heating stage 24. In such an
embodiment, the device side of the wafer 30 is heated by
thermal radiation to a temperature of about 180 degrees C. to
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about 240 degrees C. by the heating stage 24, which is at a
temperature of about 340 degrees C. to about 420 degrees C.
It will be appreciated that the thermal management of the
deposition process may be conducted in any suitable manner
to eftect the deposition of amorphous GST films, within the
skill of the art, based on the disclosure hereof.

By activating the precursors in an activation region prior to
deposition onto the wafer in the form of a film, some degree
of gas phase reaction is affected. However, in the deposition
system, the gas phase reaction should be minimized. The final
film deposition is preferably the result of a surface reaction
that also occurs as the film is deposited onto the wafer. The
reaction can be carried out at wafer temperatures as low as
150 degrees C. and activation region temperatures as low as
200 degrees C.

Thus, the systems and processes of the present disclosure
can be implemented with activation of one or more precursors
in the inlet of the deposition chamber. In other implementa-
tions, pre-activation of one or more of the precursors may be
carried out in a pre-activation zone that is outside the depo-
sition chamber, e.g., a separate pre-activation chamber that
may for example be arranged in series or other flow arrange-
ments with respect to the deposition chamber. Such dedicated
pre-activation chamber can in many instances be more
closely controlled as to its temperature, in relation to activa-
tion heating within the deposition chamber. This in turn may
enable precursor activation to be achieved without excessive
shift of the process baseline, and with increased capacity to
avoid particle generation that may sometimes occur in the
heating zone of the deposition chamber if temperature of the
heating zone falls below desired operating conditions.

The pre-activation chamber is desirably operated at sub-
stantially higher temperature than inside the chamber, in
order to minimize susceptibility to particle formation. Pre-
activation is typically used for one more precursors that are
typically only partially decomposed at high temperature. By
selectively activating these high temperature-decomposable
precursors, without activating the other precursors that are
able to be deposited at lower temperature without the need for
pre-activation, highly energy-efficient operation can be
attained that is productive of superior film formation on the
substrate.

In some systems and processes, the Ge, Sb and Te precur-
sors may be passed into the deposition chamber without pre-
activation, but such pre-activation may be employed to make
one or more of such precursors more effective in low tem-
perature deposition.

FIG. 2 is a schematic representation of a phase change
memory cell device 200 including chalcogenide material of
the present disclosure as phase change memory elements 202
and 204. The cell device includes bit line and word line
elements, and includes phase change memory element 202 in
apolycrystalline state, and the phase change memory element
204 in an amorphous state.

It will be appreciated that the phase change material of the
present disclosure can be provided in thin film and other
conformations, and can be utilized in a variety of microelec-
tronic device applications.

In any embodiment, the precursors are activated together
with co-reactants by being heated, thereby providing for
increased reactivity in the activation regions. The passage of
the precursors and co-reactants along the length of the acti-
vation regions partly determines the degree of reactivity of the
precursors. The heating element(s) can be located inside the
heating stages of the deposition chambers, or they can be
located in a showerhead upstream of the substrate, upstream
of a showerhead and downstream of an inlet, or even further
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upstream in an inlet through which the precursors and co-
reactants are introduced. Multiple heating sources can be
used for achieving uniform thermal activations of precursors.

In addition, it will be appreciated that the chemical species
employed to deposit the chalcogenide material may be ther-
mally activated or in other manner energized to generate
transitory species for the deposition. By this approach, a
chemical species may be transformed into a different chemi-
cal form to provide deposition species that for example may
be short-lived but are sufficiently present to enable deposi-
tion, in the transport from the activation region to the wafer
surface. In this manner, the deposition chemical species may
be generated in situ for the deposition operation.

With respect to the carbon and nitrogen species that are
incorporated in the GST film, it will be recognized that these
species may be provided in a bound or non-bound form. For
example, the nitrogen may be introduced in free form as
nitrogen gas, or alternatively as a nitrogen-containing moiety
in a precursor or co-reactant that is introduced to the deposi-
tion operation.

From a process aspect, the Ge, Sb, and Te precursor vapors
can be used with carbon and nitrogen being incorporated in
the GST material in any suitable manner. For example, the
carbon source for such carbon incorporation may be an
organo moiety of an organometallic precursor used in the
formation of the GST material, or a separate carbon source
such as methane or other hydrocarbyl gas or moiety. The
nitrogen source can likewise be a nitrogen-containing moiety
of one or more of the G, S and T precursors, or a separately
added source such as ammonia, nitrogen, or other suitable
gases. A gas flow rate can be about 20 to about 200 standard
cubic centimeter per minute (sccm), particularly for a one
inch size substrate (wafer coupon). Gas flow rates are scaled
up accordingly for larger size substrates (e.g., 300 mm or 8
inch wafers). Also, ammonium gas at 200 sccm can be diluted
to 50 sccm using a hydrogen flow at 150 sccm to decrease the
growth rate or to promote conformal fill benefits. Reduced
process pressure from 2.5 Torr to lower values (e.g., to about
0.25 Torr) may also improve chemical mass transter functions
and provide for better uniformity and improved conformal
deposition. On the other hand, higher pressures at 10 Torr can
improve the growth rate due to higher molecular concentra-
tions from the precursors being available. Diluent gases such
as Ar, N,, He, and combinations thereof can also be intro-
duced from a bubbler or a ProEvap carrier gas operating
system.

In one respect, the nucleation sites present in the film may
derive from the presence of carbon as well as nitrogen, and
may also be generated as a result of carbon-nitrogen interac-
tion. In general, the more nucleation sites present in the chal-
cogenide film, the faster nucleation will take place and the
more rapid will be the transformation between amorphous
and crystalline states in the operation of the GST material.
Broadly, the greater the population of nucleation sites, the
shorter are the required crystalline lengths involved in the
propagation of crystalline transformation, and the quicker the
GST device will be in response to a phase change stimulus.

Advantageously, carbon doping may reduce the reset cur-
rent of the GST film, and nitrogen doping may improve con-
formality of the film. Carbon doping can reduce the reset
current by a factor of 2-3 times.

After the GST film is deposited, the wafer may be sub-
jected to an annealing process to enhance or “finish” film
properties. Chemical mechanical polishing can also be car-
ried out on the GST film, as may be desirable in the process
flow for fabrication of the product film and corresponding
semiconductor devices or precursor device structures.
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It will be recognized that the nitrogen content of the depos-
ited material can be reduced by annealing or other post-
deposition operations. It will also be recognized that the
nitrogen content of the films after annealing is not substan-
tially reduced in relation to the nitrogen content of the as-
deposited films. It will be correspondingly appreciated that
the content of nitrogen, carbon and other film components is
to be understood in the context of the description herein as
referring to the film content after annealing and/or other post-
deposition processing, unless otherwise expressly stated.

The phase change material of the present disclosure can be
provided in thin film and in other forms and conformations,
and correspondingly used in a variety of microelectronic
device applications.

Precursors of any suitable types may be employed in form-
ing the GST material of the present disclosure.

Compositions of the disclosure can be used to fill deep pore
structures in a void-free manner by MOCVD techniques, e.g.,
in pores having a 3:1 or higher aspect ratio (of pore height to
pore diameter) with pore heights on the order of 70 to 100 nm,
with performance of resulting device structures being exem-
plified by the data shown in the graphs of FIGS. 3 and 4.

FIG. 3 is a graph of set speed measurement data in a plot of
read resistance in kilo-ohms (kQ), as a function of square
pulse widths, at a reset pulse amplitude of 2.1 milliAmps
(120% Irs, sat) and set pulse amplitude of 0.90 milliAmps, for
Rreset (<> )5 Rset (O) and Rdemarcat‘[on (— )

FIG. 4 is a graph of parameters Set R (c) and Reset R ()
during cycles.

The data shown in FIGS. 3 and 4 were generated by a phase
change memory device according to the present disclosure,
including a germanium-antimony-tellurium (GST) alloy
memory element with the atomic composition of Ge 36%, Sb
13% and Te 51%, based on the total of germanium, antimony
and tellurium in the compostion, having a set speed of 12
nanoseconds and cycle endurance of 1E9 without failure.

FIG. 5 is a schematic representation of a PCM GST device
structure according to one embodiment of the present disclo-
sure. In this structure, a GST alloy was deposited by metalor-
ganic chemical vapor deposition (MOCVD) at a thickness in
a range of 70 nanometers (nm) to 100 nm in a pore having a
depth on the order of 50 nm. The pore was formed by etching
of the SiO, with the TiAIN layer constituting an etch stop
layer. TiN then was deposited over the GST alloy, followed by
patterning and etching of the TiN and GST to form an isolated
PCM device. Aluminum was deposited over the PCM struc-
ture and then pattern etched again to form an isolated Al pad
over the TiN/GST stack. The Al pad is larger in the extent of
its area than the TiN/GST stack, and thus part of the alumi-
num overlayer adheres to the SiO, layer to improve the seal of
the sidewall of the GST and afford protection of the GST
element in the PCM device structure.

Devices of the present disclosure having set speed of for
example below 15 nanoseconds can be fabricated with carbon
and nitrogen doping (e.g., at 3-15 at % carbon and 1-15 at %
nitrogen) and post-fabrication annealing in a nitrogen or other
suitable ambient, such as argon, helium, or other inert atmo-
sphere, for an extended period of time, e.g., 10 to 40 hours at
temperature in a range of from 300 to 475° C.

Devices of superior set speed characteristics (set speed<20
ns, preferably <15 ns and more preferably <12 ns) can be
variously fabricated using MOCVD alloy compositions of the
present disclosure containing 40-50% or more tellurium.
Such alloys can be utilized in low aspect ratio fill structures,
to provide endurance of 10® to 10° cycles or even higher
cycles values, and 10 year retention greater than 70° C., in
phase change memory cell structures.
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Preferred alloys for such purpose include GST 225 (con-
taining 22.5% germanium, 22.5% antimony and 55% tellu-
rium), GST 325 and similar alloys (e.g., containing from 27.5
t0 32.5% germanium, with tellurium being as high as 55%, or
between 50 and 55%, and with the remainder being anti-
mony) and GST 415 alloy containing 40% germanium, 10%
antimony and 50% tellurium.

Using alloy compositions of the above types, phase change
memory cell structures can be formed in various embodi-
ments, in low aspect ratio (>>1:1) vias, with set speeds below
20 ns, endurance of at least 10° cycles and 10-year retention
greater than 70° C. In other embodiments, phase change
memory cells can be fabricated with set speeed below 20 ns,
and endurance of at least 10° cycles. In still other embodi-
ments, phase change memory cells can be fabricated, having
10-year retention greater than 70° C. and set speed in a range
of from 12 to 18 ns.

Devices of such types may have a CD range of 88-106 nm
as measured by scanning electron microscope, in specific
embodiments, with speed being independent of device size.

Phase change memory devices fabricated using the above
alloy compositions have excellent 10 year data retention char-
acteristics. For example, an MOCVD GST 36-14-50 alloy has
been demonstrated by the present inventor to provide phase
change memory device structures with 10 year data retention
of'74° C., an MOCVD GST 325 alloy has been demonstrated
to provide phase change memory device structures with 10
year data retention of 102° C., and MOCVD GST 415 has
been demonstrated to provide phase change memory device
structures with 10 year data retention of 118° C.

By way of specific example, FIG. 6 is a data retention plot,
with time to fail, in seconds, as a function of 1/kT(eV-1) for
an MOCVD GST alloy composition containing 36% germa-
nium, 14% antimony and 50% tellurium subjected to 20 hour
annealing in argon at 375° C., showing 4 year and 10 year data
retention of 77° C. and 74° C., respectively.

As further examples of the performance characteristics of
MOCYVD alloy compositions of the present disclosure, FIGS.
7-12 are data plots for an MOCVD GST 415 alloy composi-
tion containing 40% germanium, 10% antimony and 50%
tellurium, wherein FIG. 7 is a plot of resistance in ohms, as a
function of current, in milliamps, FIG. 8 is a plot of current, in
milliamps, as a function of voltage, FIG. 9 is a plot of V(v),
dV/dl (Kohms), and LogR (ohms), as a function of number of
cycles, FIG. 10 is a plot of resistance, in ohms, as a function
of Saturated Pulse Trailing Edge Fall Time, in seconds, in
which the fall time is the set speed, FIG. 11 is a plot of time to
fail, in seconds, as a function of 1/kT(eV-1),and FIG. 12 is a
plot of resistance, in ohms, as a function of 1/kT(eV-1).

FIG. 13-16 is a set of data for a fast 12-14 ns speed device
of the composition Ge 36%, Sb 14% and Te 50%. FIG. 13 is
aplotofresistance, in kiloohms, as a function of square pulse,
in nanoseconds, for set resistance (R, ,) demarcation resis-
tance (R, rcanon) a0d reset resistance (R,,,,), FIG. 14 is a
plot of resistance, in kiloohms, as a function of number of
cycles for set resistance (R, ,) and reset resistance (R,,,,,),
FIG. 15 is a plot of read resistance, in ohms, as a function of
square pulse width, in seconds, and FIG. 16 is a plot of read
resistance, in ohms, as a function of square pulse width, in
seconds.

FIG. 17 is a set of data for an alloy tuned to provide
multi-level reset resistance for multi-level phase change
device applications. It is a plot of resistance, in ohms, as a
function of time, in seconds, for varied resistance levels. This
graph shows resistance data including 10-year extrapolated
values, and data for full-reset (resistance level #1) (3 nano-
seconds fall time), resistance level #2 (50 nanoseconds fall
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time), resistance level #3 (100 nanoseconds fall time), resis-
tance level #4 (300 nanoseconds fall time), resistance level #5
(400 nanoseconds fall time), resistance level #6 (700 nano-
seconds fall time), resistance level #7 (1 microsecond fall
time), resistance level #8 (2 microseconds fall time), and full
set resistance level #9 (9 microsecond fall time) for the GST
alloy.

Phase change memory devices with MOCVD GST 325
alloys achieve high levels of reduction (e.g., 2x reduction) in
reset current compared to devices with PVD GST alloys,
while concurrently achieving higher dynamic resistance and
better heating efficiency. Such enhanced characteristics are
due to the intrinsic properties of the MOCVD GST alloy
compositions. Set out below is a tabulation of empirically
determined parameter values for GST phase change memory
materials deposited by PVD using GST 225 alloy, by
MOCVD using GST 325 alloy, and by MOCVD using GST
415 alloy.

Comparison of MOCVD GST and PVD GST

MOCVD MOCVD
Parameters PVD GST 225 GST 325 GST 415
Void free fill at <1:1 >3:1downto  >3:1downto
aspect ratio 35 nm 35 nm
Irst @ 100 nm 1.4 mA 0.4-0.6 mA 1.5 mA
10 Year Retention,  105°C. 102° C. 118° C.
crystallization Ea — 2.2eV 2.8eV
Set speed 200 ns 260 ns 65 ns
Cycle Endurance >1 % 109 >7 % 109 ~1x 109
Drift coefficient 0.1 0.1 0.1

PCM devices made from 325 MOCVD alloy demonstrated
2-3x less reset current as compared with that from a PVD
alloy in 100 nm shallow pore devices. The reset current reduc-
tion derives from intrinsic properties of the 325 MOCVD
GST alloy.

PCM devices made from 415 MOCVD alloy show 3x
faster set speed than PVD GST 225 alloy and 20° C. higher 10
year data retention.

In 100 nm device structures, MOCVD compositions
achieved 12 ns set speed and cycle endurance of 10°, suitable
for providing superior performance in fast PCM device appli-
cations such as dynamic random access memory. Device
speed is independent of device size and reset current reduc-
tion can be further achieved by size scaling.

Thus, the present disclosure contemplates a phase change
memory cell including a GST material having a set speed
below 20 ns, and endurance of 10° cycles or more.

Such phase change memory cell in one embodiment has a
set speed in arange of from 12 to 18 ns. In other embodiments,
the phase change memory cell has a set speed at least as low
as 12 ns. Other phase change memory cell embodiments have
a 10-year retention greater than 70° C. Phase change memory
cells are contemplated in other embodiments having a
10-year retention greater than 70° C. and a set speed in arange
of from 12 to 18 ns.

In other embodiments, the phase change memory cell
includes a GST material selected from the group consisting of
225 GST alloy, 325 GST alloy, and 415 GST alloy. Such GST
material in further embodiments further comprise at least one
of carbon and nitrogen.

Further embodiments of the disclosure variously include:
phase change memory cells wherein the GST material has
been deposited by MOCVD; phase change memory cells
wherein the GST material comprises 415 GST alloy; phase
change memory cells having a 10-year retention greater than
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100° C.; phase change memory cells having a 10-year reten-
tion greater than 110° C.; and DRAM devices including the
phase change memory cell of according to any of the above-
described embodiments.

The present disclosure therefore reflects a large process
space in which smooth and conformal GST materials having
>50% Te are achieved by MOCVD, including GST 325 and
GST 415.

InMOCVD applications of GST 325, low aspectratio (1:1)
structures remain void free in the phase change memory
device after 7x10° cycles and high aspect ratio (3:1) struc-
tures exhibit void-free fill of holes.

Low oxygen GST films are achieved by alloys of the
present disclosure, in which bulk average concentration of
oxygen in the film is lower than 1%.

Compositional variations in the MOCVD-deposited GST
films of the present disclosure are low, being in an illustrative
film formation process, on a run-to-run basis, about 1.12% for
Ge variation, about 0.75% for Sb variation, and about 0.38%
for Te variation. Thickness variation of MOCVD-deposited
films of GST alloys of the present disclosure is also low,
illustratively varying about 3.87% in a representative 398.6
Angstrom (mean thickness) film.

FIG. 18 is a graph of set speed, in nanoseconds, for GST-
225, GST-325, and GST-415 germanium-antimony-tellurium
alloys, showing their relative performance. In each of the
graph segments, the data on the left-hand of the panel for each
alloy is for 45 minutes anneal and the data on the right-hand
side of the panel for each alloy is for 24 hour annealing. These
data are tabulated in the table below.

Set speeds of 225,325 and 415 GST alloys

depending on their anneal times
Composition 225 325 415
45 min 75.4+/-7.8ns 182.4+4/-111.7ns 138.3 +/- 62.7 ns
annealing
24 hr annealing  65.6 +/- 9.5ns  111.7 +/- 29.6 ns 99.6 +/— 43.8 ns

Annealing can typically be carried out at temperature in a
range of from 300° C. to 400° C. in an inert gas ambient
atmosphere, for a period of time that is sufficient to achieve
the desired enhancement of performance from the GST mate-
rial. Typically, the period of annealing can be in the range of
from 30 minutes to 24 hours or more. There is a “timex
temperature” aspect in the improvement of film performance
as a result of annealing, with longer anneal times generally
enabling lower temperature annealing to be carried out, and
with shorter anneal times generally requiring higher anneal
temperatures to achieve a corresponding film performance
benefit.

In general, GST materials of the present disclosure are
benefitted by doping with carbon, nitrogen, and/or oxygen,
since doping provides extensive nucleation sites that provide
various benefits. With such doping, it is easier to form crys-
talline nucleation sites that enhance speed for the nucleation-
limited growth, and the denser distribution of added nucle-
ation sites shortens the necessary distance for crystalline
growth. Device speed is normally limited by either nucleation
(which is less device size-limited) or growth of crystalline
material from a nuclear size (thus, device size-dependent).

FIG. 19 is a graph of read resistance, in ohms, as a function
of square pulse width, in seconds, for a GST alloy having a
composition of 36 at % germanium, 14 at % antimony, and 50
at % tellurium. This alloy is intermediate 325 and 415 GST

10

15

20

25

30

35

40

45

50

55

60

65

16

alloys, and was annealed for 24 hours in argon at 375° C. It
exhibits a reset speed of 12 nanoseconds.

The present disclosure thus contemplates GST materials
whose set speed is substantially enhanced by annealing, to
provide GST phase change memory materials characterized
by a set speed of less than 15 nanoseconds. Device structures
can be of any suitable type, e.g., TIAIN/SiO2/GST/TiN/Al
device structures.

Although the invention has been shown and described with
respect to detailed embodiments thereof, it will be understood
by those of skill in the art that various changes may be made
and equivalents may be substituted for elements thereof with-
out departing from the scope of the invention. In addition,
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiments
disclosed in the above detailed description, but that the inven-
tion will include all embodiments falling within the scope of
the appended claims.

What is claimed is:

1. A chalcogenide alloy composition, having an atomic
composition comprising from 34 to 45% Ge, from 2 to 16%
Sh, from 48 to 55% Te, from 3 to 15% carbon and from 1 to
10% nitrogen, wherein all atomic percentages of all compo-
nents of the alloy composition total to 100 atomic %.

2. The alloy composition of claim 1, having a set speed of
less than 20 nanoseconds.

3. The alloy composition of claim 1, having a cycle endur-
ance greater than 1x10%,

4. The alloy composition of claim 1, wherein said atomic
composition of germanium, antimony and tellurium com-
prises 36% Ge, 14% Sb, and 50% Te, doped with from 8 to 12
at. % carbon and doped with from 1 to 10 at. % nitrogen,
wherein dopant atomic percentages are based on total atomic
percentages of all components of the alloy composition
including dopants.

5. The alloy composition of claim 1, in a phase change
memory device comprising a phase change random access
memory cell.

6. The alloy composition of claim 1, wherein said atomic
composition comprises 36 at % Ge, 13 at % Sb, and 51 at %
Te, based on total atomic weight of Ge, Sb and Te in the
composition, and doped with from 3 to 15 at % carbon and
from 1 to 10 at % nitrogen, wherein atomic percentages of
carbon and nitrogen are based on total atomic weight of Ge,
Sb, Te, C and N in the composition.

7. The alloy composition of claim 6, having a set speed of
less than 20 nanoseconds.

8. The alloy composition of claim 6, having a cycle endur-
ance greater than 1x10°.

9. The chalcogenide alloy composition of claim 1, in a
phase change memory cell wherein the chalcogenide alloy
composition has a set speed below 20 ns, and endurance of
10° cycles or more.

10. The chalcogenide alloy composition of claim 9, having
a set speed in a range of from 12 to 18 ns.

11. The chalcogenide alloy composition of claim 9, having
a 10-year retention greater than 70° C. and a set speed in a
range of from 12 to 18 ns.

12. The chalcogenide alloy composition of claim 1,
wherein a Ge:Sb:Te ratio is 4:1:5 in the chalcogenide alloy
composition which is formed by metalorganic chemical
vapor deposition (MOCVD), having a set speed of less than
70 ns.

13. The chalcogenide alloy composition of claim 1, com-
prising 36% Ge, 14% Sb, and 50% Te, with C and N doping,
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exhibiting a multi-level resistance level that is sustainable for
at least 10 years without interference of resistance values
thereof.

14. A method of enhancing set speed of a chalcogenide
alloy composition for use in a phase change memory device,
said method comprising annealing said chalcogenide alloy
composition in an inert atmosphere for 10 to 40 hours at
temperature in a range of from 300 to 475° C.,

wherein said chalcogenide alloy composition has an

atomic composition comprising from 34 to 45% Ge,
from 2 to 16% Sb, and from 48 to 55% Te, based on total
atomic weights of Ge, Sb and Te in the chalcogenide
alloy composition, and doped with from 3 to 15% carbon
and from 1 to 10% nitrogen, wherein atomic percentages
of carbon and nitrogen are based on total atomic weight
of Ge, Sb, Te, C and N in the composition.

15. The method of claim 14, wherein the inert atmosphere
comprises a nitrogen atmosphere.

16. The method of claim 14, wherein the chalcogenide
alloy composition is in a phase change random access
memory cell of the phase change memory device.

17. The method of claim 14, wherein the chalcogenide
alloy composition has an atomic composition comprising 36
at % Ge, 13 at % Sb, and 51 at % Te, based on total atomic
weight of Ge, Sb and Te in the composition, and doped with
from 3 to 15 at % carbon and from 1 to 10 at % nitrogen,
wherein atomic percentages of carbon and nitrogen are based
on total atomic weight of Ge, Sb, Te, C and N in the compo-
sition.
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18. A phase change memory (PCM) GeSbTe (GST) device 30

structure comprising a TiAIN layer with an SiO, layer
thereon, wherein the SiO, layer has a pore therein bounded at
a lower end thereof by the TiAIN layer, a GST alloy compo-
sition filling the pore and in a layer above the pore that extends

18

laterally outwardly to overlie the SiO, layer surrounding the
pore, a layer of TiN overlying the GST alloy layer and gen-
erally coextensive therewith, and an encapsulating layer con-
sisting of aluminum overlying the layer of TiN and extending
laterally beyond the TiN layer and downwardly at an outer
lateral periphery to the SiO, layer, thereby encapsulating the
GST alloy composition and TiN layer, wherein the GST alloy
composition comprises a chalcogenide alloy composition
according to claim 1.
19. A method of fabricating a phase change memory
(PCM) GeSbTe (GST) device structure, comprising:
providing a substrate including an SiO, layer thereon,
wherein the SiO, layer has a pore therein bounded at a
lower end thereof by a TiAIN layer;
depositing a GST alloy composition in and over the pore
and SiO, layer surrounding the pore;
depositing a layer of TiN over the deposited GST alloy
composition to form a TiIN/GST alloy composition stack
structure;
patterning and etching of the TiN/GST alloy composition
stack structure to form anisolated PCM device structure;
depositing an encapsulating material consisting of alumi-
num over the PCM device structure; and
patterning and etching the deposited aluminum to form an
isolated aluminum pad in contact at its outer periphery
with the SiO, layer, to encapsulate the PCM device
structure, wherein the GST alloy composition comprises
a chalcogenide alloy composition according to claim 1.
20. The method of claim 19, wherein the GST alloy com-
position is deposited in and over the pore and SiO, layer
surrounding the pore by a deposition process comprising
metalorganic chemical vapor deposition.
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